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(54) Seff-oscffiattng switching power supply with output voltage regulated from the primary side 

(57) Regufafion of the output voltage of a power 
suppryerrptoying a flyback^ seff^wcffla^ DC-DC 
converter employing a transfer mer cs implemented In 



the circuit of the primary winc^ of i>e transformer by 
realizing a current recircuiatjon loop far tfscharging the 
energy cydicafly stored in an audSary winding of fie 
selfoscilaiion loop of the converter such as to repre- 



sen *«rapfica of the drcut of the seooniary winding of 
frte tranfemmer and by summing a signal representative 
of the level of the energy stored in the auxTiary winding 
with a drive signal on a control node of a driver of the 
power switch of the converter. 
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Description 



Switching power suppfies offer remaikaHe advan- 
tages n terms of volume weight and eJectical eti- 
cieocy I compared with l«Bwiai tosfarmer-type 
power supplies fcnctioning al tie mains frequency. 
However, due to tie complexity of tie elector* dr- 
cuftry employed, these swtfcNng power suppfies are 
rather costfy. One of fie architectures most frequency 
* used is based on the use of a flyback-type. DC-OC con- 
verter. 

In a flyback system, energy is stored witrwi the pri- 
*nary waring inductance of the ransformer during a 
conduction phase of a power transistor (switch), func- 
Sonaty connected in series wifli the primary wfocfrig 
and is transferred to tie secondary wMng of tie trans- 
fc>"ner coring a subsequent phase of reconduction of 
tie switch, which is driven at a relatively Ngh frequency 
C« tie order of tens of kHz) tor enmpl e by a local osdh 
lator. 

In switching power suppGes: the wftageal tie input 
Of the DC-OC converter is not regulated. Commonly, in 
a power supply correctable to tie mains, tie kput volt- 
age of the converter is a nonregulated voftage as 
obtained by rectifying the mains votege by a Wien 
bridge and levefng it by a «tering capacitor. Therefore 
Ws voftage Is a nonregulated DC voltage whose value 
depends on the mains voftage that can vary from 
180VAC to 264VAC in Europe and from 90 VAC to 
130VACinArnertca. 

A basic diagram of a flyback-type, sel^oscilatlng 
pnmary side circuit of a power supply ccrnectable to the 
mains is shown in Fig.1. 

At the turning on instant the voltage Vwqc pro- 
duces a current /in the resistance R1 that has normally 
a high ohrrtc vatoe. This current charges the gate- 
eouce capacitance of the power switch T1, which, in 
the example shown, is an b()tateo>gate, Held effect fran- 
sistor. The gate-source voftage increases in time 
according to the foflowtng approximate equation: 



ground node of the circuit through a capacitor C2. This 

voftage, which is fcLptase. **h the voltage present on 

theprinarywindngf^prw 

the voltage between tie G gate node G and tie source 

5 ncoeScftrietrartsiskxn 

a state of Ml conctoctron. Therefore tie voltage on tie 
inouctance L of the pnmary whcfing r^isapprowmately 
«»Jat to tie rectified input voftage V w and the current 
*at flows through the primary winding of tie tans- 

10 fomierrtasavaluegjvenbytiefoB^^ 



hi 



vmere Vq^ indicates tie voltage between the gate and 
the source of transistor T1. C^ is tie gate-source 
capacitance, g is the current that flows through R1 and f 
tetime. 

When the voltage reaches tie threshold value 
v tmr. the transistor begins to cfrfve a current Lvmile the 
drain voftage decreases because of the voltage 
drop provoked by the current ^ on the inductance L of 
tie primary winding of tie transformer. 

Therefore, a voltage equal to V^-Vos is gener- 
ated at tie terminate of tie primary wtncfing This 
voftage. reduced according to the turn ratio Nj/NL 
between the primary wirxfing and tie auxKary wwir? 
ing N, Dekxigjng to tie se*-osciflating circuit, is also 
appfied between the gate node G and the common 



« 0"** other harid. tie cuneoiL 
resistan^R2prov^ 

by y BZ. Even this voltage drop grows inearfy in time 
una it reaches conduction threshold value of tie 
second (transistor) switch 12. 

20 Byentewigiritoaslatec<conduc6on,te 

T2 shortdrcuits toward the ground node tie gate node 
G of the transistor T1. which tierefore turns oft Initaly 
tie current \, continues to ftow thus increasing thevoft- 
age wet above the input voltage Therefore. 

25 a vo^afle develops on tie primary wirrfng 

•nckjctance L that has an opposite polarity to that of tie 
voltage present during a coriducfionpf^ol the switch 
T1. This flyback voftage, reduced in terms of the turn 
ratio N t /Np. is afeo applied between tie gate node G of 

w the transistor Tl and the common ground node of the 
circuit and further comrtoutes to keep the transistor Tt 
« an off conrJtion. having a negative polarity as referred 
to me ground potential. 

Ouirigaconckjdionphasecftfiei^^ tie 

* erwg^accurrmjtatedlntrieincbctar^^ 

landing of tie transformer transfers cornpletefy into tie 
se<x*ndarycircurJtt^^ 

ure This occurs cUing such an OFF (or FLYBACK) 
phase of operation of the transistor T1 -When this phase 
40 tan6fer fe vottage on ihe primary 

wtnoTng and on tie wincing N, of the sef-oscflatrig 
droit are nutt and therefore a new cycle can start 
again. 

The above mentioned system typiies a common 
45 fly*** architecture where the primary current L rises 
inearfy from zero up to a peak value given by the Jotow- 
ing equation: 



r ac 
* 2 



(1) 



during a conduction phase of transistor Tl 

The relevant waveforms of the circuit are shown fci 
ss Fig. 3. 

Urxw a variatton of trie input ^ 
duction time T 0N of transistor Tl varies accorcfing to the 
fotowing expression: 
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T -i il^gg Liz 



(2) 



Therefore, fie Iroquency of osriltation is inversely s 
Proportional to the rectified mains voltage. 

to fte majority of application* tie cutotf voftage 
must be rogutated to make it independent from input 
voltage variafion, h other words from the value of the 
rectified mains voltage. t0 

CorTtrtonfy in (he majority of appicaltor* cortol of 
Ihe output voltage is trtJemented in tie secrjndary cir- 
cuit These regulafing use feedback control loops that 
nc«i nafr sens e the secondary voltage level and provide 
this Wormafion to me primary drcut via an electrical is 
isolation device, far example a pho*K»upfer. These 
sotoSons. are very efficient but they are atso relatively 
aqwneive. Even alternative known sofuions inple- 
menfing an output voftage regulation by regulating tie 
currertfto^tfirougfctep & 
tormer during conduction phase of the switch, fopjy the 
realization of one or more auxSary windngs and a 
remarkable complication of the primary caruft. 

ft has now been found a surprising^ simple and 
effective system for regulating the output voftage 2s 
through the primary circuit of tr* transformer of a OC- 
OC converter. The system of this invention does not 
recMre any add&xat wfcxfing because ft exploits the 
auxSary wincing of the setf-ctt*a6on circuit lor 
•rnplementing the desired regutafion of the votege out- m 
put by the secondary droit of fie toansforrrier-typecon- 



In practice, the method of this invention consists in 
realizing a cSscharge current crcUafan bop of the 
energy transferred In the auxSary wining of fie self- as 
osdBation earn* during a phase of conduction of the 
transistor that switches tie primary windng and to. 
summing a signal representative of the level of said 
energy on the control node of a driving stage of the 
»*ttch to regulate Its conduction rtfervaL 40 

PractkaOy, fie circulation locp of 9ie rJsoharge cur- 
rent relative to the energy stored in the auxiliary wfodfog 
of tie seff-oscfla6on drcuct, reproduces electricaly 
dfecnarge current circulation loop of the energy that is 
stored In the secondary wincing of tie tartstormer. 45 
Through a process of set ^edfetrbuton of the energy 
that is stored n tie primary windng inductance during 
the ccoducton phase of the swrtch. the system regu- 
tales the energy thai is transferred from the primary to 
the secrjnctarywincfingof the tianstormer so as to keep so 
substartfiafly uniform the outout voftage (that is. the voft- 
age that develops on the secondary winding of the 
transformer). This regutafion occurs following a change 
of the vabe of the nonregutated input voftage and/or of 
the cunent absorbed by ffie secondary circuit 5S 
The auxiliary winding of tie sefls>sciBation circuit is 
the primary wincing of the transformer 
during tie switch conduction phase wh3e is in phasq 
with the secondafy winding during ffe following off 



phase of the switch (flyback phase). 

Accoratng to an important entxxfcmcnt of this 
nventon, a power supply induo^aseif-oscaajngDC- 
DC ^converter having a power switch (tanststor) con- 
nected in series with a primary wtnrJngofatoxsfcvmer 
that is coupled to an input voltage, and a sensing res**- 
ance fonctionaiy connected between the switch and a 
oommo ° potential node of fie circuit The swfch Is 
by a seffescttafng rircuft cwnposed of at least 
an auxSary windng, rnagnefcaly coasted to the pri- 
rrary wtorJng. and a first capacto fiat are coririectabte 
ISeries between a control ftode fie swrtoh and said 
common potenfial node. A second pransistor) switch is 
driven to shortcfrcuft fie control itodeof (heftatavfeti 
with said common potenfial node, when the current 
flowing fvough the primary windhg reaches a pre- 
estabished level AocorcSng to fie tavenfioa te cfroirt 
jnctodes also a second capacitor connected between 
tw auxiliary wincing and said ccmrxxi potantal node 
andrf least a dode having the anode coupled to said 
common potential node and a cathode coupled to the 
intermediate connection node between the auxSary 
wincing and the first capacitor so as to consttute a ofc- 
charge current recirculation loop for the energy stored* 
the auxiliary windng inductance, and at least a lener 
dfode functionally connected between the fotermedate 
connection node between tie auxSary wMng and the 
second capacitor and a control node of the second 
(transistor) switch. 

WhJe the current recirculation loop realizes a rep- 
fca in the primary circuit of tie current redrcutafon loop 
of the secondary windng of the tansformer. by means 
of the zener diode, a current signal is fojected on fie 
control node of the switch conriected in series with Ihe 
primary windng of the transformer so as to regulate the 
timing of the turning off of fie switch by the driver stage 
thereof (that is, the interval of conduction of tie switch) 
Through a mechanism of energy seff-redrstrixifion, the 
circuit ensures stabifty of the voltage, outout by the sec- 
ondary droit of the converter, when tie input voftage 
and/or the cunent absorbed from the secondary c*curt 
change, as it w» be torflier demonstrated fothedescrto- 
6on below. 

The various aspects and advantages of fixs Rea- 
son wM become more evident through fie following 
description of some important though nonfmtafive 
embodments and by referring to tie annexed drawings 
wherein: 

figure f shows, as already mentioned above, a 
basic scheme of a setf-osctfating primary droit; 
figure 2 shows a basic scheme of a power supply 
collectable to the mains fiat employs a self^osdl- 
lating. flyback-fype DC-OC converter made accord- 
ing to this invention; 

figure 3 shows, as already mentioned above, the 
typical waveforms of the flyback converter. 

With reference to the dagram of Fig. 2 and to fie 
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waveforms shown In Pig. 3, Airing a phase of operation 
where the transistor Tl conducts (Ton), fie voltage 
between the cathode of the dtode 01 and (he ground 
rKXferf^ectraitispos^andlheretoe^<fi a le^ 
not ooneucfive and said positive vottag* ccrrtrfcutes to 
keep the toaisfctorTi InastatecrfcrjriAjctkwbymeans 
of the capacitor C2. 

Ourtog he subseojient flyback phase, when the 
twis^T1isrK<ccocU^thew)ftao^onthecfi^ 
01 cathode becomes negative arc! a recroiafion cur- 
ren,, si can circulate In the toop composed of the diode 
B1. t>e wixfingNt and the capacitor C3. Therefore, the 
capadtor C3 is charged by the redrcutaticn current 
and the voltage on ft rises. By caflng V 2 too vottage of 
the zener diode 02. when the following ccwictton is fuf- 
ffiedi 

Ve*-V**V m (3) 

the diode 02 begins to conduct thus forctog a current 
through toe resistance R3. 

BycafingljthecurremftatftowstrrajghmecfexJe 
02. the equation of the recrrcUatwn toop that incfooes 
the base-emitter Junction of the transistor 02 and the 
resistances R2 and R3 becomes: 

V B£ = i x * R 9 + I p * ff 2 torfl,»/? 2 (4j 

« increases due to an tocrement of the voltage 
C3 reached by the capacitor C3 when charging. L and i 
corisequently must praportionafly decrease in 
value in accordance with equation (2). Therefore, a 
lower amount of energy will be stored in the reluctance 
L of the primary wincing of the transformer and, as a 
consequence, a lower recirculation current I S1 wifl flow j 
during tie next flyback phase in order to keep the vdt- 
age constant and equal to a value given by V^Vee. 
Thus, during a flyback phase, the voltage appfied to the 
N1 wincing is constant and equal to: 

^31 - fcj+^oi (5) 

where V 01 represent the voltage drop throur^ the diode 
01 when conducting. 

Even the vottage that envelops on tie second- * 
ary wincing ^ of the transformer wil be constant dur- 
ing Ihe Ifyback phase and wil have a value given by: 



where v 03 "OJcates Ihe voltage drop on the cfiode 03 
* when conjuring. 

Equation (8) contains only constant terms therefore 

P*tote. if N 2 «N, and V D1 oV ro . the output vottage 
oecomes: 



v our 



(9) 



^S7 N s 
^1 * W, 



(6) 



by combining equations (3). (5) and (6). we obtain: 



V S2 ^ V Z+ V B£+ V Ol)'ffi 

and the output voltage Voy T becomes: 



(7) 



Tt^elore tie above deserved circuit permits Ihe 
retMaton of tie output voltage of the secondary side 
« circuit of the transformer^ OOOC converter by 
■Wmenttog the necessary control to tie primary side 
cfrcuflc<tr»convertaty 

ponents, namely: 01, 02 and C3. accorcSng to toe 
entxxSment shown- 

» In praefce, by the adcfiSon of the oornponents D1 
and C3. a redrcutarSon loop Is raafizad for a discharge 
cunrent of the energy stored in the auxSary wtodtog Nl 
of fie sefosdlation circuit, which substanbafy repi- 
cates fie secondary side output toop of the converter. 
^LH^T V* zeoer ^ a current I, is then 
toracted on the driving node of the transistor 72. said 
current is representaSve of the charoe level reached by 
JhoWictaxv^ of the aux*ary winding Nt of the seff- 
oscflabon arcuH. during a phase of conduction of the 

o switch D1. This current i< produces a voltage drop on 
fw resistance R3, which is to turn summed to the voft- 
aoedrcp lp-R2 during the conduction phase of toe 
swrtch T1. thus regiiating the turrbon totervaJ and 
Iherefore the energy stored in the inductance L of the 

y Pnmarywiric5ngc4t>etrarisforrner. 

J^LT**™ b pertecdy capable * ^aoubting toe 
output voltage Vour upon toe changing of toe input volt- 
W V^oc as wet as of the output current t^ 

In fact, if the cutout current increases, a larger 
' !2^M^^^^ tra ^^^^P rim ary 
Hp to the secondary wfocfing Hs during the fly- 

^^1!° M a ***** <* »«W remains 
avarfatite trom the inouctance of toe auxSary wtodtog 
N1 to charge the capacitor ca. Therefore the vcVtage 
reached by C3 upon charging wBbelower. Asaconse- 
JJ^ tocunerti,wi!aJsobe 1^ 
y wa proporf onafy increase to order to fuHJtoefoOow* 
ingequafon: 

v ee m l* " R 3 + t P • /? 2 for/? 5 »f? 2 

The increase of the current L inaements tie 
energy stored in the toc^Harte 
Hp and this increased energy wi be available during the 
nyoack phase. Therefore toe system is capable to sup- 
ply toe actftfonaf energy required by Ihe rise of the out- 
put current vjut. thus keeping constant toe output 
vcftageVo^. 

The way toe increase of toe output current l^j pro- 
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votes an increase of toe conduction interval flow) of 
the switch T1 (and therefore a consequent reduction of 
the converter switrfw^tre^^ 
\, to reach a higher peak value shouM be rernarted. 

Claims 

1. Melh<)d«orfeQUa6ngthe«i^volwc<apc^ 
supply emptying a flybacMype DC-DC trans- 
fonTiercorwerterwr^etofrwp^ 10 
franstormer is driven by a switch controSed by a 
sefl-oscaating droit (hat comprises an au* fery 
windEngmagnefcaify coupled to saJd prinary wind- 
ward croraderteed to toat cornprfees 

is 

realizing a recirculation loop for a cfischarge 
current of fie energy cycflcafly stored in sad 
auxSSary wincing during a ncnccndutfon 
phase of f« switch. repSca of the current toop 
o**ecir^ » 
transformer; 

summing a signal representative of the level of 
the energy stared h eakj auxiJiary wrrfng with 
a drive signal on Jhe central node of a driver 
stage of said switch. & 

2. A method according to ctaim i, characterized in 
that said auxiiary wincing is to-phase with the 
transformer primary winding during a phase erf con- 
ducboo of the switch and in-phase with the second- jo 
ary winding of toe transformer during a phase of 
rwrxsoTKtoction of the switch or flyback phase. 

3. A setf-osc«a6ng. DC-OC converter comprising a 
transformer's primary winding side droit and a as 
transformer's secondary wincing side crcu^ said 
primary circuit cornpristog a first switch, luncfanaly 
connected in series win the primary wincing of the 
transformer, which is coupled to an input node, and 

a sensing resistance functionary connected «o 
between said first switch and a common potential 
node of the circuit, said fist switch being driven by 
a setTostilatjon circuit composed of at least an 
auxSary wincing magnetaty counted to said pri- 
mary winding and a first capacitor connected to ft 
series between a control node of said first switch 
and said common potential node and a second 
switch capable of shortincufttog said control node 
wito said common potential node when the current 
through Ihe primary wincing reaches a pre-estab- so 
Bshed level, characterized in that comprises 

at least a second capacitor connected between 
said auxiiary winding and said corrrnc* poten- 
CaJnode: 55 
at least a diode having an anode coupled to 
said common potential and a cathode coupled 
to an inter mediate connection node between 
said auritary wincing and said Cist capacitor; 



and 

at least a zenercSode connected between said 
mtemweiate node and a control node of said 
second switch. 

4. A ffyback-type power supply correctable to the 
mains having rneans for regutaSng the ou^xit vot- 
ape in the pnmary side omit of fie transformer of 
toe power supply, characterbedtotrtoonvnsesa 
seW^sclaling OOOC converter as defined hefafan 



5. ApcM^suppfyaccordtogtoda^ 

in fiat said first switch is an feoiated-gata. field 
effect device and said second switch teabfccJar 
NPN transistor. 
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